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Clinical PerspectiveWhat Is New?Angiotensin II type 1 receptor autoantibody--positive IgG from preeclamptic patients can limit angiotensin II type 1 receptor internalization by attenuating the recruitment of β‐arrestin1/2.Limited angiotensin II type 1 receptor internalization is a novel mechanism in receptor overactivation and sustained vasoconstriction induced by angiotensin II type 1 receptor autoantibody.What Are the Clinical Implications?Continuous vasoconstriction caused by sustained AT~1~R activation is an important pathological mechanism in hypertension.The promotion of angiotensin II type 1 receptor internalization might be a new therapeutic target for angiotensin II type 1 receptor autoantibody--positive hypertension.

 {#jah33868-sec-0008}

Preeclampsia, a serious pregnancy‐specific medical condition characterized by hypertension, proteinuria, and multiple organ failure in the third trimesters,[1](#jah33868-bib-0001){ref-type="ref"} affects 2% to 8% of pregnancies worldwide.[2](#jah33868-bib-0002){ref-type="ref"} However, its cause and pathogenesis remain unclear. Previous research indicated that sustained vasoconstriction inducing abnormal vascular tone and remodeling were the vital pathogenesis of preeclampsia.[3](#jah33868-bib-0003){ref-type="ref"} Sustained vasoconstriction not only affected maternal blood vessels, leading to vascular damage and high blood pressure, but also produced a poor intrauterine growth environment by increasing resistance to fetal perfusion.[4](#jah33868-bib-0004){ref-type="ref"}, [5](#jah33868-bib-0005){ref-type="ref"} However, the specific molecular mechanisms are not well understood.

The renin--angiotensin system is an important hormone system that maintains blood pressure by regulating vascular tone.[6](#jah33868-bib-0006){ref-type="ref"} Angiotensin II type 1 receptor (AT~1~R) is abundantly distributed in smooth muscle cells. Under normal conditions, AT~1~R can be activated by angiotensin II (Ang II) and trigger intracellular signal transduction to induce vascular constriction, such as protein kinase C (PKC) and extracellular signal‐regulated kinase 1 and 2 (ERK1/2) activation, as well as Ca^2+^ signal generation.[7](#jah33868-bib-0007){ref-type="ref"}, [8](#jah33868-bib-0008){ref-type="ref"} However, in some pathological conditions, AT~1~R was overactivated and resulted in sustained vasoconstriction. Previous studies had verified that AT~1~R autoantibody (AT1‐AA) was involved in the overactivation of AT~1~R. AT1‐AA was first discovered in preeclamptic patients,[9](#jah33868-bib-0009){ref-type="ref"} which demonstrated an agonist‐like effect by binding to the second extracellular loop of AT~1~R (AT~1~R‐ECII). Another study found that administration of AT1‐AA isolated from preeclamptic patients can imitate preeclampsia in mice,[10](#jah33868-bib-0010){ref-type="ref"} indicating the pathogenic role of AT1‐AA in hypertension. Our previous study observed that AT1‐AA can directly induce vasoconstriction in a long‐term manner compared with Ang II group,[11](#jah33868-bib-0011){ref-type="ref"} which may be the key mechanism underlying hypertension and vascular injury in preeclampsia. However, the underlying molecular mechanism remains unknown.

It has been reported that AT~1~R internalization upon Ang II stimulation is the major mechanism of preventing sustained receptor activation.[12](#jah33868-bib-0012){ref-type="ref"}, [13](#jah33868-bib-0013){ref-type="ref"} β‐arrestin1 and β‐arrestin2 (β‐arrestin1/2), which are negative adaptors of G Protein‐Coupled Receptors (GRCRs), are universally expressed in all mammalian tissues.[14](#jah33868-bib-0014){ref-type="ref"} Their recruitment can uncouple AT~1~R from G protein, thus terminating or attenuating G protein--mediated signaling (desensitization) and initiating clathrin‐mediated endocytosis (internalization) of AT~1~R.[15](#jah33868-bib-0015){ref-type="ref"}, [16](#jah33868-bib-0016){ref-type="ref"} Therefore, we hypothesized that AT1‐AA can limit internalization of AT~1~R by attenuating the recruitment of β‐arrestin1/2, resulting in sustained AT~1~R activation and vasoconstriction.

In this study, we compared the amount of internalized AT~1~R upon Ang II stimulation alone to AT1‐AA stimulation alone using 3 methods. Then, through fluorescent tracing and bioluminescence resonance energy transfer (BRET), we detected the capability of β‐arrestin1/2 recruitment upon AT1‐AA stimulation. Because the AT~1~R blocker has been contraindicated in treatment of preeclampsia because of its influence of severe kidney maldevelopment in the fetus,[17](#jah33868-bib-0017){ref-type="ref"}, [18](#jah33868-bib-0018){ref-type="ref"}, [19](#jah33868-bib-0019){ref-type="ref"} our study may help outline the mechanism of AT1‐AA--induced overactivation of AT~1~R and offer a new therapeutic approach to treating preeclampsia.

Materials and Methods {#jah33868-sec-0009}
=====================

The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.

Preparation of IgG From Plasma {#jah33868-sec-0010}
------------------------------

Based on the results of ELISA detection, AT1‐AA‐positive IgG was purified respectively from the sera of AT1‐AA‐posive preeclamptic patients (n=14) using a MAbtrap Kit (Amersham, Piscataway, NJ) (The detailed experimental methods are described in Data [S1](#jah33868-sup-0001){ref-type="supplementary-material"}). In order to ensure homogeneity throughout the experiment, the total IgGs were mixed together to gain a sufficient number of AT1‐AA‐positive IgG. Negative IgGs from AT1‐AA--negative individuals with normal pregnancy (n=20) were also purified and mixed as controls.

Animals {#jah33868-sec-0011}
-------

Healthy Sprague Dawley rats (n=36) 12 weeks (±4 days) of age were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. Rats were housed in controlled 12 hours light/dark conditions with a constant temperature (21±3°C) with ad libitum access to water and food. Rats were excluded if their serum was found to be AT1‐AA‐positive by ELISA and were assigned to different groups at random. All experiments involving animals were performed in compliance with the National Institutes of Health Guidelines on the Use of Laboratory Animals and were approved by the Ethics Committee of Capital Medical University, Beijing, China.

Vascular‐Ring Isolation Technology {#jah33868-sec-0012}
----------------------------------

Thoracic aortic rings were isolated according to the protocols of our previous study.[20](#jah33868-bib-0020){ref-type="ref"} In some cases, the intimal surface of the ring was rubbed with a cotton‐covered syringe needle to remove the endothelium. We administered the different stimuli, specifically: (1) administration of AT~1~R‐ECII: AT~1~R‐ECII (10 μmol/L) and AT1‐AA‐positive IgG (1 μmol/L) were mixed at 37°C for 30 minutes and centrifuged at 15 294*g* for 15 minutes. Finally, the supernatant was added to the prepared vascular rings. (2) Losartan blocking: Losartan (10 μmol/L) was pre‐incubated in the vascular rings for 15 minutes, and then AT1‐AA‐positive IgG was added. We recorded changes in isometric force in each vascular ring by using LabChart version 7 software (ADInstruments, Bella Vista, New South Wales, Australia).

Immunoprecipitation {#jah33868-sec-0013}
-------------------

The aim of this experiment was to determine whether AT1‐AA‐positive IgG can bind to AT~1~R. The vascular smooth muscle cells (VSMCs) were isolated from rat thoracic aortae by the explant technique, and the cells at passages 3 to 6 were used in all experiments. The cells were lysed by regular immunoprecipitation lysis buffer (200 mmol/L Tris‐HCl pH 8.0, 137 mmol/L NaCl, 1% NP‐40, 2 mmol/L EDTA) containing protease inhibitor cocktail. Then we added AT1‐AA‐positive IgG, negative IgG, and primary anti‐AT~1~R (2 μg, sc‐57036; Santa Cruz Biotechnology, USA), and incubated the mixture overnight at 4°C respectively. The next day, Protein A/G agarose beads (sc‐2003; Santa Cruz Biotechnology) were added to the lysates and incubated the mixture for 2 hours at 4°C. After that, the agarose beads were collected, and they were washed 3 times with immunoprecipitation lysis buffer and boiled with 2×loading buffer for 10 minutes. Proteins were separated by SDS‐PAGE and by Western blot with use of anti‐AT~1~R antibody (1:1000, Abcam, UK).

Plasmid Construction {#jah33868-sec-0014}
--------------------

Plasmids encoding RFP‐tagged human AT~1~R were constructed in pcDNA3.1 by LKL Biotechnology Company (Beijing, China). YFP‐tagged human AT~1~R, RFP‐tagged human b‐arrestin1, b‐arrestin2, and RLuc‐tagged bovine b‐arrestin1, b‐arrestin2 were constructed in pcDNA3.1 and provided by Professor Jinpeng Sun\'s laboratory.

Fluorescent Labeling of AT1‐AA‐Positive IgG, Plasmid Transfection, and Observing the Colocation Between AT~1~R and AT1‐AA‐Positive IgG {#jah33868-sec-0015}
--------------------------------------------------------------------------------------------------------------------------------------

AT1‐AA‐positive IgG was labeled green with the Lightning‐Link Rapid Atto 488 Antibody Labeling Kit (350‐0010, Innova Biosciences, UK) according to the manufacturer\'s instructions. Briefly, we prepared AT1‐AA‐positive IgG in PBS at a concentration of 1 mg/mL, then added 10 μL of LL‐Rapid modifier reagent to 100 μL of AT1‐AA‐positive IgG and mixed gently. We then put the mixture into the vial of LL‐Rapid mix and gently resuspended by withdrawing and redispensing the liquid twice with a pipette. After incubation for 15 minutes at room temperature in the dark, we added 10 μL of LL‐Rapid quencher reagent into the vial and mixed gently. The conjugates were ready to use after a 5‐minute incubation period.

HEK293 cells were maintained in a DMEM medium supplemented with 10% fetal bovine serum. When they were grown to 70% confluence in 12‐well plastic culture dishes, we transiently transfected the cells with 0.5 μg AT~1~R--RFP plasmid per well by Lipofectamine 3000 transfection reagent (L300000; Thermo Fisher, USA). After 36 hours of transfection, green‐labeled AT1‐AA‐positive IgG (1 μmol/L) was added to it and incubated at 37°C for 30 minutes. After incubation, the samples were washed twice with ice‐cold PBS to remove uncombined AT1‐AA‐positive IgG. The images were obtained with a fluorescence microscope (Carl Zeiss, Oberkochen, Germany).

Intracellular Ca^2+^ Detection {#jah33868-sec-0016}
------------------------------

The VSMCs were cultured in 35‐mm dishes. When confluence reached 80%, the cells were washed twice with PBS and they were incubated with a calcium indicator (Fluo‐3 AM; F1241; Thermo Fisher; 10 μmol/L in medium) for 60 minutes at 37°C. After being washed twice with PBS and added to FluoroBrite DMEM (A1896701; Thermo Fisher) containing 10% fetal bovine serum, the cells were ready for intracellular Ca^2+^ detection. The responses elicited by different stimulant were recorded as changes in green fluorescence intensity under a confocal microscope (UltraVIEW VoX, PerkinElmer, USA).

Subcellular‐Protein Fractionation {#jah33868-sec-0017}
---------------------------------

The VSMCs were cultured in 60‐mm dishes and they were lysed at each point in time. Subcellular proteins were fractionated by the Subcellular Protein Fractionation Kit (78840, Thermo Fisher) according to the manufacturer\'s instructions. The extractions were separated by SDS‐PAGE and AT~1~R levels were analyzed by Western blot with use of rabbit anti‐AT~1~R antibodies (1:1000, ab124734, Abcam, UK). Rabbit anti‐glyceraldehyde 3‐phosphate dehydrogenase (GAPDH) and rabbit anti‐Na^+^/K^+^ ATPase from Abcam (UK) were detected as cytoplasm or membrane loading control, respectively.

Cell Surface Biotinylation Assay {#jah33868-sec-0018}
--------------------------------

The cell surface biotinylation assay was performed as previously described[21](#jah33868-bib-0021){ref-type="ref"}, [22](#jah33868-bib-0022){ref-type="ref"} with some modifications. Briefly, the VSMCs were cultured to 90% confluence in 60‐mm dishes. After washing them with ice‐cold PBS, cell surface proteins were biotinylated by incubation with 2 mg/mL of EZ‐Link sulfo‐NHS‐SS‐biotin (21331; Thermo Fisher) in PBS for 2 hours at 4°C. The cells were incubated with a medium containing AT1‐AA‐positive IgG (1 μmol/L) or Ang II (1 μmol/L) at 37°C for 30 minutes to receptor internalization. The remaining biotin on the cell surface was cleaved by incubation with cutting buffer (20 mmol/L dithiothreitol and 15 mmol/L glycine in PBS) for 2 hours at 4°C. After washing them 3 times with ice‐cold PBS, cells were harvested in a 500 μL radioimmunoprecipitation assay lysis buffer, 50 μL lysis samples were separated for input, and the rest were incubated with high‐capacity streptavidin agarose (20359; Thermo Fisher) for 1 hour at 4°C to precipitate biotinylated proteins. Finally, the collected proteins were washed with ice‐cold PBS and they were eluted from the beads by boiling in 2× loading buffer. Then, they were separated by SDS‐PAGE, and they were immunoblotted with an AT~1~R antibody.

Total Internal Reflection Fluorescence Microscopy {#jah33868-sec-0019}
-------------------------------------------------

Total internal reflection fluorescence (TIRF) was used to determine the internalization of AT~1~R in transiently transfected cells by RFP‐fused AT~1~R. HEK293 cells were cultured on a 24‐mm‐diameter microscope coverglass (WHB‐6‐CS, WHB Scientific, China). After 48 hours of transfection, the cells were observed using a TIRF microscope (Olympus Corporation, Tokyo, Japan) equipped with an electron‐multiplying charge‐coupled device camera (Andor, Belfast, UK) and oil immersion objective (Olympus; magnification ×100, NA=1.49). A 101 to 103‐nm depth of field was chosen to observe AT~1~R fluorescence on the plasma membrane but not in cytoplasm. After stimulant administration, we monitored and pictured continuous quantifications of fluorescent receptors on the cell membrane for 2 000 s with use of MetaMorph software version 7.8.8.0 (Molecular Devices, Sunnyvale, CA).

Fluorescence Tracing {#jah33868-sec-0020}
--------------------

HEK293 cells were cultured on a 15‐mm‐diameter microscope coverglass and transfected with 1 μg pcDNA3.1‐AT~1~R‐YFP constructs and 1 μg pcDNA3.1‐β‐arrestin1‐RFP or β‐arrestin2‐RFP. After 36 hours of transfection, AT1‐AA‐positive IgG (1 μmol/L), Ang II (1 μmol/L), and negative IgG (1 μmol/L) were added to the cells and incubated at 37°C for 10 minutes. Then, the cells were washed twice with ice‐cold PBS and fixed with 4% paraformaldehyde at room temperature for 20 minutes. After that, the cells were washed with PBS 3 times. The images were obtained using a Leica Microsystems laser scanning confocal microscope (LAS AFTCS SP8).

Bioluminescence Resonance Energy Transfer {#jah33868-sec-0021}
-----------------------------------------

The AT~1~R‐YFP and β‐arrestin‐1‐RLuc or β‐arrestin‐2‐RLuc plasmids were transiently transfected into HEK293 cells. After 24‐hour transfection, the AT~1~R‐YFP and β‐arrestin‐1‐RLuc or AT~1~R‐YFP and β‐arrestin‐2‐RLuc cotransfected cells were resuspended and seeded into 96‐well plates (3603, Axygen, USA). After another 24 hours, the cells were washed with FluoroBriteTM DMEM (A1896701, Thermo Fisher, USA) and incubated in Ang II, AT1‐AA‐positive IgG, or negative IgG, respectively. BRET between RLuc and YFP was measured after the addition of the RLuc substrate coelenterazine‐h (5 μmol/L, S2011, Promega, USA). The BRET signal was calculated as the ratio of emission of YFP (527 nm) to RLuc (370--480 nm).

Statistical Analysis {#jah33868-sec-0022}
--------------------

The Graph‐Pad Prism 5 software package (GraphPad, Inc, San Diego, CA) was used to graph data and for statistical analysis. One‐way ANOVA followed by Bonferroni post hoc test was performed to determine statistical differences in the signal changes of PKC and ERK1/2 over the long‐term observation period in each group of different stimulants (eg, Ang II, AT1‐AA‐positive IgG, and negative IgG). One‐way repeated‐measure ANOVA was used to determine statistical differences in the signal changes of \[Ca^2+^\]~i~ at different time points. The independent‐sample *t* tests were used to calculate statistical differences between the 2 groups. All *P*\<0.05 were considered statistically significant. Data were expressed as the mean±SEM.

Results {#jah33868-sec-0023}
=======

AT1‐AA‐Positive IgG From Preeclamptic Patients Induced Isolated Aortic‐Ring Constriction in a Sustained Manner by Mainly Acting on VSMCs {#jah33868-sec-0024}
----------------------------------------------------------------------------------------------------------------------------------------

To confirm the effect of AT1‐AA on vascular constriction, we performed an isolated aortic‐ring experiment. First, we isolated AT1‐AA‐positive IgG and negative IgG from preeclamptic patients and healthy individuals, respectively (Table [S1](#jah33868-sup-0001){ref-type="supplementary-material"} and Figure [S1](#jah33868-sup-0001){ref-type="supplementary-material"}). Second, AT1‐AA was purified from AT1‐AA‐positive IgG by the peptide corresponding to the second extracellular loop of human AT~1~R (AT~1~R‐ECII), and linked to Sepharose 4B CNBr‐activated gel.[23](#jah33868-bib-0023){ref-type="ref"} Then, AT1‐AA‐positive IgG and AT1‐AA were identified and compared by SDS‐PAGE fractionation, ELISA, and the change of intracellular calcium (\[Ca^2+^\]~i~) (Figure [S2](#jah33868-sup-0001){ref-type="supplementary-material"}). The results demonstrated that their biological activities were similar. Furthermore, by the doubling dilution of AT1‐AA‐positive IgG and negative IgG, we found that AT1‐AA‐positive IgG has a high capacity to combine with human AT~1~R‐ECII (Figure [S3](#jah33868-sup-0001){ref-type="supplementary-material"}), suggesting that 1 μmol/L AT1‐AA‐positive IgG had the biggest combination effect while the negative IgG cannot bind to human AT~1~R‐ECII with the corresponding concentration. Therefore, we performed further experiments using 1 μmol/L AT1‐AA‐positive IgG and negative IgG.

As shown in Figure [1](#jah33868-fig-0001){ref-type="fig"}B and [1](#jah33868-fig-0001){ref-type="fig"}C, administration of Ang II (1 μmol/L) and AT1‐AA‐positive IgG (1 μmol/L) significantly constricted the isolated rat thoracic aortic ring. In contrast with the sharply developing and transient vasoconstriction (about 4 minutes, Figure [1](#jah33868-fig-0001){ref-type="fig"}H) caused by Ang II, AT1‐AA‐positive IgG induced a more slowly developing and longer‐term increase in vascular tension (which did not return to baseline until the end of our observation period, \>30 minutes, Figure [1](#jah33868-fig-0001){ref-type="fig"}H). Negative IgG (1 μmol/L) did not induce vasoconstriction (Figure [1](#jah33868-fig-0001){ref-type="fig"}A), AT~1~R‐ECII removed the contractile effect of AT1‐AA‐positive IgG by immune adsorption, and losartan (AT~1~R‐specific antagonist) also blocked the effect (Figure [1](#jah33868-fig-0001){ref-type="fig"}E and [1](#jah33868-fig-0001){ref-type="fig"}F).

![Representative data of isolated thoracic aortic‐ring constriction. Negative IgG did not induce vasoconstriction in isolated thoracic aortic rings (**A**). The tension of the ring increased within 2 minutes and then decreased to baseline level in less than 4 minutes under treatment with Ang II (**B**). With AT1‐AA‐positive IgG stimulation, the endothelium‐intact arterial ring reached maximum tension in 3 minutes and then showed a slight decrease but remained elevated until the end of the observation period (**C**). Endothelium‐denuded arterial rings also appeared to have sustained vasoconstriction upon AT1‐AA‐positive IgG stimulation (**D**). AT~1~R‐ECII neutralized the effect of AT1‐AA‐positive IgG (**E**). Pre‐incubation with 10 μmol/L losartan (LST), a specific AT~1~R antagonist, also blocked the effect of AT1‐AA‐positive IgG (**F**). Six independent results are summarized in a histogram (**G**). AT1‐AA‐positive IgG had similar vasoconstrictive effects by AT~1~R. There was no significant (NS) difference in vasoconstriction on arterial rings with either intact or damaged endothelia (red column) (date are presented as mean±SEM, \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001 vs AT1‐AA‐positive IgG with intact endothelia group, 1‐way ANOVA with Bonferroni post hoc test). The time courses of vasoconstrictions between Ang II and AT1‐AA‐positive IgG were profoundly different (H) (n=6, \*\*\**P*\<0.001 vs AT1‐AA‐positive IgG with intact endothelia group, *t* test). Ang II indicates angiotensin II; AT1‐AA, angiotensin II type 1 receptor autoantibody.](JAH3-8-e011179-g001){#jah33868-fig-0001}

In addition, to demonstrate whether AT1‐AA‐positive IgG exerted sustained vasoconstriction via VSMCs rather than via the vascular endothelium, we performed an additional experiment to remove the vascular endothelium from the isolated aortic ring. It showed that acetylcholine exerted concentration‐dependent relaxation effects against norepinephrine‐induced contractions of arterial rings whose endothelia were intact, but not of arterial rings from which the endothelia had been removed (Figure [S4](#jah33868-sup-0001){ref-type="supplementary-material"}); AT1‐AA‐positive IgG induced vasoconstriction in endothelium‐intact and endothelium‐denuded arterial rings (Figure [1](#jah33868-fig-0001){ref-type="fig"}C and [1](#jah33868-fig-0001){ref-type="fig"}D); there were no significant differences between them (Figure [1](#jah33868-fig-0001){ref-type="fig"}G, red column). These indicated that AT1‐AA‐positive IgG induced sustained vasoconstriction by mainly acting on VSMCs, and therefore we performed further mechanism studies on VSMCs.

AT1‐AA--Positive IgG Can Combine With AT~1~R in Rat VSMCs and Activate Downstream Signals in a Sustained Manner {#jah33868-sec-0025}
---------------------------------------------------------------------------------------------------------------

We identified VSMCs by positive immunostaining of α‐smooth muscle actin and calponin (Figure [S5](#jah33868-sup-0001){ref-type="supplementary-material"}). To validate whether AT1‐AA‐positive IgG directly bound to AT~1~R, we performed immunoprecipitation assay in VSMCs. After immunoprecipitating AT1‐AA‐positive IgG, AT~1~R was detected in VSMCs (Figure [2](#jah33868-fig-0002){ref-type="fig"}A). We next incubated RFP‐tagged AT~1~R‐overexpressed HEK293 cells with atto488‐conjugated AT1‐AA‐positive IgG at 37°C for 30 minutes. Fluorescence microscopy images showed that AT1‐AA and AT~1~R were colocalized on the surface of the cell (Figure [2](#jah33868-fig-0002){ref-type="fig"}B), indicating that AT1‐AA‐positive IgG can directly bind to AT~1~R.

![AT1‐AA‐positive IgG can directly bind to AT~1~R (**A** and **B**) and provoke downstream signal activation in a sustained manner (**C** and **D**). Immunoprecipitation assay showed that AT1‐AA‐positive IgG can directly bind to AT~1~R (**A**). RFP‐tagged AT~1~R (red)--overexpressed cells were incubated with atto488‐conjugated AT1‐AA‐positive IgG (green) at 37°C for 30 minutes. Confocal images showed that the red and green puncta were universally colocalized on the cell surface, and rarely colocalized in cytoplasm (**B**). Western blot data showed that phosphorylated PKC and ERK1/2 were significantly elevated at 2 and 5 minutes and decreased after 5 minutes because of Ang II stimulation. However, with AT1‐AA‐positive IgG stimulation, phosphorylated PKC and ERK1/2 were considerably elevated at 2 minutes and remained at high levels for 30 minutes. Negative IgG had no effect on PKC or ERK1/2 phosphorylation. Losartan (LST, 10 μmol/L) blocked the elevated PKC or ERK1/2 phosphorylation induced by AT1‐AA‐positive IgG. Total PKC and ERK1/2 were detected as loading controls and used to normalize phosphorylation signals via densitometry quantification. At each point in time, phosphorylated PKC and ERK1/2 were calculated and compared as percentages of the control at 0 minute. We summarized 5 independent results in a histogram (**C**). \[Ca^2+^\]~i~ increased in response to stimulation with Ang II or AT1‐AA‐positive IgG. Both Ang II and AT1‐AA‐positive IgG induced an increase in \[Ca^2+^\]~i~, but the high level persisted longer in the AT1‐AA‐positive IgG group than in the Ang II group (˃10 minutes vs 4 minutes). The line chart summarizes the data of 6 independent experiments (**D**). (all conducted in rat VSMCs, data are presented as mean±SEM, \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001 vs 0 minute in Ang II group; ^\#^ *P*\<0.05; ^\#\#^ *P*\<0.01; ^\#\#\#^ *P*\<0.001 vs 0 minute in AT1‐AA‐positive IgG group, 1‐way ANOVA with Bonferroni post hoc test was used to test the signal changes of phosphorylated PKC and ERK1/2, and 1‐way repeated‐measures ANOVA was used to test the signal changes of \[Ca^2+^\]~i~). Ang II indicates angiotensin II; AT1‐AA, angiotensin II type 1 receptor autoantibody; ERK1/2, extracellular signal‐regulated kinase 1 and 2; IP, immunoprecipitation; PKC, protein kinase C; RFP, red fluorescence protein; VSMCs, vascular smooth muscle cells; WB, Western blot; F, Total fluorescence intensity; F0, fluorescence intensity baseline before the ligand was added.](JAH3-8-e011179-g002){#jah33868-fig-0002}

Then, we detected the major physiological downstream signals of AT~1~R, including phosphorylated PKC and ERK1/2 as well as intracellular calcium (\[Ca^2+^\]~i~).[24](#jah33868-bib-0024){ref-type="ref"} Western blot data revealed that with Ang II stimulation, the phosphorylation levels of PKC and ERK1/2 greatly increased at the 2‐ and 5‐minute intervals but sharply decreased at the 10‐minute interval. Like Ang II, AT1‐AA‐positive IgG triggered increased phosphorylation of PKC and ERK1/2, but the duration of hyperphosphorylation was significantly prolonged (not recurring for 30 minutes). Incubation of negative IgG did not provoke phosphorylation. Preincubation of losartan (the AT~1~R‐specific antagonist) blocked the phosphorylation of PKC and ERK1/2 by AT1‐AA‐positive IgG (Figure [2](#jah33868-fig-0002){ref-type="fig"}C).

We observed a transient increase and rapid decrease of \[Ca^2+^\]~i~ after Ang II administration (it returned to baseline within 6 minutes, Video [S1](#jah33868-sup-0002){ref-type="supplementary-material"}), whereas AT1‐AA‐positive IgG caused changes of \[Ca^2+^\]~i~ with slow rise and prolonged duration (\>20 minutes, Video [S2](#jah33868-sup-0003){ref-type="supplementary-material"}). Incubation of negative IgG with VSMCs had no effect on \[Ca^2+^\]~i~. Preincubation of losartan blocked the AT1‐AA--caused \[Ca^2+^\]~i~ increase completely (Fig. [2](#jah33868-fig-0002){ref-type="fig"}C).

AT1‐AA‐Positive IgG Limited AT~1~R Internalization {#jah33868-sec-0026}
--------------------------------------------------

To quantify AT~1~R internalization caused by Ang II and AT1‐AA‐positive IgG, we conducted subcellular protein fractionation using Western blot analysis. As expected, stimulation with Ang II caused a decrease of AT~1~R on the membrane and an increase in cytoplasm over time (Figure [3](#jah33868-fig-0003){ref-type="fig"}A). However, there was no statistically significant change in membrane or cytoplasm AT~1~R density by administration with AT1‐AA‐positive IgG (Figure [3](#jah33868-fig-0003){ref-type="fig"}A). These results demonstrated that AT1‐AA‐positive IgG reduced the amount of AT~1~R internalization compared with the Ang II treatment group.

![AT1‐AA limited AT~1~R internalization. Subcellular protein fractionation combined with Western blot analysis showed that Ang II could induce a significant decrease of AT~1~R in the membrane and concurrently induced a significant increase in cytoplasm (**A**). The change in AT~1~R was not detected under AT1‐AA‐positive IgG stimulation. Column statistics represented 6 independent experiments (data are presented as mean±SEM, \**P*\<0.05 vs 0 minute, 1‐way ANOVA with Bonferroni post hoc test). Flowchart and representative immunoblotting data of AT~1~R intracellular trafficking detected by cell surface biotinylation are shown (**B**). Rat VSMCs were cultured in a 60‐mm‐diameter dish and labeled the cell surface protein with biotin. After incubation for 30 minutes at 37°C with Ang II or AT1‐AA‐positive IgG, cells were washed, lysed, and analyzed by Western blot. Data showed that AT1‐AA‐positive IgG significantly inhibited AT~1~R internalization compared with Ang II (*t* test, \**P*\<0.05 vs Ang II, n=5). Schematic drawing, representative images, and line chart of membrane AT~1~R trafficking by TIRF are presented (**C**). Images were acquired at 1 frame/s for 33 minutes; the line chart was plotted by fluorescence intensities of AT1R--RFP in response to Ang II or AT1‐AA‐positive IgG stimulation. Although both AT1‐AA‐positive IgG and Ang II caused decreased membrane fluorescence intensity, the magnitude of the decrease was smaller after AT1‐AA‐positive IgG stimulation compared with Ang II (1% vs 25%; n=5). Ang II indicates angiotensin II; AT~1~R, angiotensin II type 1 receptor; AT1‐AA, angiotensin II type 1 receptor autoantibody; DTT, dithiothreitol; RFP, red fluorescence protein; TIRF, total internal reflection fluorescence; VSMCs, vascular smooth muscle cells.](JAH3-8-e011179-g003){#jah33868-fig-0003}

To confirm our hypothesis, we designed a cell surface protein biotinylation assay based on a previous study.[21](#jah33868-bib-0021){ref-type="ref"} We found that the band representing AT1‐AA‐positive IgG‐induced internalization was significantly thinner than the one representing Ang II‐induced internalization (Figure [3](#jah33868-fig-0003){ref-type="fig"}B). It suggested that although AT1‐AA‐positive IgG directly bound to and activated cell surface AT~1~R as shown in Figure [2](#jah33868-fig-0002){ref-type="fig"}, it was distinct from Ang II in its smallest ability to induce AT~1~R internalization.

Finally, TIRF microscopy was used to observe AT~1~R internalization in real time. We specifically analyzed the fluorescence intensity of AT~1~R--RFP in HEK293 cells in response to Ang II or AT1‐AA‐positive IgG stimulation (Figure [3](#jah33868-fig-0003){ref-type="fig"}C). As the data showed, Ang II induced a significant decrease of fluorescence intensity (≈30%, Video [S3](#jah33868-sup-0004){ref-type="supplementary-material"}), whereas AT1‐AA‐positive IgG induced such a decrease in fluorescence intensity only ≈1% (Video [S4](#jah33868-sup-0005){ref-type="supplementary-material"}), suggesting it limited AT~1~R internalization. The lack of AT1‐AA‐positive IgG‐mediated internalization of AT~1~R might explain why AT1‐AA can induce prolonged signal activation and sustained vasoconstriction.

AT1‐AA‐Positive IgG Inhibited the Recruitment of β‐Arrestin1/2 During Activation of the Receptor {#jah33868-sec-0027}
------------------------------------------------------------------------------------------------

To investigate the mechanisms by which AT1‐AA‐positive IgG limited internalization of AT~1~R, the recruitment of β‐arrestin1/2 was assessed. By coexpressing YFP‐labeled AT~1~R and RFP‐labeled β‐arrestin1 or β‐arrestin2 in HEK293 cells with different stimulant at 37°C for 10 minutes, fluorescence microscopy images showed that AT~1~R and β‐arrestin1 and β‐arrestin2 were colocalized in the cell surface and cytoplasm (Figure [4](#jah33868-fig-0004){ref-type="fig"}A and [4](#jah33868-fig-0004){ref-type="fig"}B) under treatment with Ang II (1 μmol/L). However, for AT1‐AA‐positive IgG and negative IgG, there were rare colocalization events between AT~1~R and β‐arrestin1 or β‐arrestin2.

![AT1‐AA‐positive IgG attenuated the recruitment of β‐arrestin1 and β‐arrestin2. Representative images of fluorescence tracking are shown. YFP‐labeled AT~1~R (1 μg) and RFP‐labeled β‐arrestin1 (1 μg) were co‐expressed in HEK293 cells. Treatment with Ang II (1 μmol/L) at 37°C for 10 minutes, AT~1~R, and β‐arrestin1 were colocalized in the cell surface and cytoplasm (middle). However, for negative IgG (upper) and AT1‐AA‐positive IgG (bottom), there was rarely colocalization between AT~1~R and β‐arrestin1 (**A**). Similarly, there was rarely colocalization between AT~1~R and β‐arrestin2 after treatment with negative IgG and AT1‐AA‐positive IgG (**B**). To confirm these findings by BRET, the relative change of BRET ratio was to represent the interaction between YFP‐labeled AT~1~R with RLuc‐β‐arrestin1 or β‐arrestin2. The BRET ratio with 1 μmol/L Ang II for 10 minutes was set to 100%. As concentration increased, the relative change of BRET ratio also increased upon Ang II (EC50~β‐arrestin1/2~=6.7±4.1/6.3±2.3 nmol/L). However, for AT1‐AA‐positive IgG, there was no significant change (**C**). Over time, AT1‐AA‐positive IgG (1 μmol/L) attenuated the recruitment of β‐arrestin1 and β‐arrestin2 more than Ang II did (D). (Data are presented as mean±SEM, n=4, \**P*\<0.05 vs 0 minute in Ang II group, 1‐way ANOVA with Bonferroni post hoc test). Ang II indicates angiotensin II; AT1‐AA, angiotensin II type 1 receptor autoantibody; AT~1~R, angiotensin II type 1 receptor; BRET, bioluminescence resonance energy transfer; RFP, red fluorescence protein; YFP, yellow fluorescence protein.](JAH3-8-e011179-g004){#jah33868-fig-0004}

To further confirm the AT1‐AA‐induced recruitment of β‐arrestin1/2, we recorded the relative change of BRET ratio of the interaction between YFP‐labeled AT~1~R with Rluc‐labeled β‐arrestin1/2. When the HEK293 cells co‐expressing YFP‐labeled AT~1~R and RLuc β‐arrestin1 or β‐arrestin2 were exposed to Ang II, the relative change of BRET ratio increased significantly with concentration (Figure [4](#jah33868-fig-0004){ref-type="fig"}C, EC50~β‐arrestin1/2~=6.7±4.1/6.3±2.3 nmol/L) and over time (Figure [4](#jah33868-fig-0004){ref-type="fig"}D, the BRET ratio with Ang II for 10 minutes set to 100%; 0 \[β‐arrestin1/2: 0.1±10.9/0.0±3.7\], 2 \[89.1±10.4/89.7±17.9\], 5 \[107.1±13.2/102.4±14.6\], 10 \[100.0±11.4/100.0±9.1\], 20 \[93.5±19.5/111.7±10.0\], and 30 minutes \[95.8±12.2/93.9±12.1\]). However, AT1‐AA‐positive IgG did not attenuate the recruitment of β‐arrestin1/2 either with the concentration (Figure [4](#jah33868-fig-0004){ref-type="fig"}D, not converged) or with the time (Figure [4](#jah33868-fig-0004){ref-type="fig"}E, 0 \[β‐arrestin1/2: 4.5±7.0/−1.4±5.8\], 2 \[11.1±11.9/18.6±14.7\], 5 \[30.8±16.4/22.8±16.6\], 10 \[15.4±13.8/18.0±15.0\], 20 \[−0.5±19.4/3.3±17.2\], and 30 minutes \[8.4±12.8/−9.3±9.5\]).

Limited AT~1~R Internalization Was Involved in Sustained Receptor Activation Induced by AT1‐AA‐Positive IgG {#jah33868-sec-0028}
-----------------------------------------------------------------------------------------------------------

To determine whether limited AT~1~R internalization induced by AT1‐AA‐positive IgG was involved in sustained vasoconstriction, we investigated whether Ang II can simulate AT1‐AA‐positive IgG‐induced sustaining effect by preincubating our samples with an endocytosis inhibitor (Dynasore). Dynasore has been reported to inhibit internalization through blocking the GTPase activity of dynamin.[25](#jah33868-bib-0025){ref-type="ref"} As shown in Figures [S6](#jah33868-sup-0001){ref-type="supplementary-material"} and [S7](#jah33868-sup-0001){ref-type="supplementary-material"}, 100 μmol/L Dynasore alone had no effect on the AT~1~R internalization (Figure [S6](#jah33868-sup-0001){ref-type="supplementary-material"}) and vasoconstriction in the vascular rings (Figure [S7C](#jah33868-sup-0001){ref-type="supplementary-material"}); but preincubation with 100 μmol/L Dynasore for 30 minutes significantly prolonged the duration of Ang II‐induced vasoconstriction and AT~1~R activation compared with Ang II only (Figure [S7](#jah33868-sup-0001){ref-type="supplementary-material"}), indicating the important role of AT~1~R internalization in sustained AT~1~R activation and vasoconstriction.

Furthermore, we investigated whether the sustaining effect induced by AT1‐AA‐positive IgG can be reversed by overexpression of β‐arrestin2, which promoted AT~1~R internalization (Figure [5](#jah33868-fig-0005){ref-type="fig"}A). As shown in Figure [5](#jah33868-fig-0005){ref-type="fig"}, overexpression of β‐arrestin2 shortened the duration of PKC and ERK1/2 phosphorylation induced by AT1‐AA‐positive IgG, and increased \[Ca^2+^\]~i~, suggesting that limited AT~1~R internalization played a key role in sustained AT~1~R activation induced by AT1‐AA‐positive IgG.

![Overexpression of β‐arrestin2 abolished the AT~1~R sustained activation induced by AT1‐AA‐positive IgG. The representative images and line chart of AT~1~R internalization by TIRF after overexpression of β‐arrestin2 (1.5 μg) in HEK293 cell are shown (**A**). The co‐expression of RFP‐AT~1~R (0.5 μg) and pcDNA3.1 (1.5 μg) served as a control. After overexpression of β‐arrestin2, the AT~1~R internalization was increased in both the absence and presence of AT1‐AA‐positive IgG. In addition, the duration of PKC and ERK1/2 phosphorylation (**B**), and \[Ca^2+^\]~i~ elevation, induced by AT1‐AA‐positive IgG was shortened (**C**) (data are presented as mean±SEM, n=4, \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001 vs 0 minute in the control group; ^\#^ *P*\<0.05, ^\#\#^ *P*\<0.01, ^\#\#\#^ *P*\<0.001 vs 0 minute in the β‐arrestin2 overexpression group, 1‐way ANOVA with Bonferroni post hoc test was used to test the signal changes of phosphorylated PKC and ERK1/2, 1‐way repeated‐measures ANOVA was used to test the signal changes of \[Ca^2+^\]~i~). AT1‐AA indicates angiotensin II type 1 receptor autoantibody; AT~1~R, angiotensin II type 1; ERK1/2, extracellular signal‐regulated kinase 1 and 2; PKC, protein kinase C; RFP, red fluorescence protein; TIRF, total internal reflection fluorescence.](JAH3-8-e011179-g005){#jah33868-fig-0005}

Discussion {#jah33868-sec-0029}
==========

Vasospasm is an important pathological feature of hypertension. In this study, our main finding was that AT1‐AA‐positive IgG isolated from the sera of preeclamptic patients reduced the amount of AT~1~R internalization by the inhibition of β‐arrestin1/2 recruitment compared with the Ang II treatment group, which played a key role in receptor overactivation and sustained vasoconstriction.

AT1‐AA‐positive IgG was first found in the plasma of preeclamptic patients.[9](#jah33868-bib-0009){ref-type="ref"} A growing number of clinical researchers have also detected high titers of AT1‐AA in several other kinds of hypertension, such as malignant hypertension,[26](#jah33868-bib-0026){ref-type="ref"} renal‐transplantation hypertension,[27](#jah33868-bib-0027){ref-type="ref"} and essential hypertension.[28](#jah33868-bib-0028){ref-type="ref"} Another study found that both total IgG and affinity‐purified AT1‐AAs from women with preeclampsia resulted in the appearance of key features of preeclampsia in mice, including hypertension, proteinuria, and glomerular endotheliosis (a classical renal lesion of pre‐eclampsia),[10](#jah33868-bib-0010){ref-type="ref"} which might be related to its effect of sustained vasoconstriction, suggesting a potential role of AT1‐AA‐positive IgG in the pathogenesis of high blood pressure. Therefore, this study aimed to investigate the molecular mechanism underlying sustained vasoconstriction induced by AT1‐AA‐positive IgG.

In the current study, the data showed that AT1‐AA‐positive IgG induced sustained vasoconstriction by mainly acting on VSMCs. Ang II can activate signals downstream of AT~1~R: \[Ca^2+^\]~i~ elevation[29](#jah33868-bib-0029){ref-type="ref"} and PKC[7](#jah33868-bib-0007){ref-type="ref"} and ERK1/2 phosphorylation.[24](#jah33868-bib-0024){ref-type="ref"} \[Ca^2+^\]~i~ is directly responsible for cell contraction, the activated PKC increases \[Ca^2+^\]~i~ regulates cell proliferation, and ERK1/2 implicates the growth.[24](#jah33868-bib-0024){ref-type="ref"} Compared with Ang II‐induced downstream signals, we found that AT1‐AA‐positive IgG‐induced downstream signals were significantly prolonged, which might contribute to vasoconstriction and vascular remodeling and thus lead to hypertension in preeclampsia.

Under normal physiological conditions, the receptor activates downstream signals after receiving external stimuli and exerts corresponding biological effects. In order to avoid overactivation of receptors, receptor internalization is induced when exposed to the external stimuli for a long time.[12](#jah33868-bib-0012){ref-type="ref"} In this study, we first determined that AT1‐AA‐positive IgG did not cause a significantly greater decrease in membrane AT~1~R expression over time than Ang II by 3 methods, respectively: subcellular protein fractionation, cell surface protein biotinylation, and TIRF microscopy. Each of the 3 methods had its advantages and disadvantages. Subcellular protein fractionation in VSMCs is highly reliable, but there is a certain lack of accuracy; the biotin labeling method can achieve accurate quantification but does not permit real‐time observation; and while TIRF microscopy has the advantages of real‐time observation, low background signal, and quantitative calculation, the observed phenomenon does not represent 100% of the receptors in VSMCs because of the need for fluorescently fused receptors and instrumental cells. Therefore, this study combined these 3 methods to verify that AT1‐AA‐positive IgG limited the AT~1~R internalization. Another study supported this view partly: they observed that β‐1 adrenergic receptor autoantibodies significantly slowed receptor internalization,[30](#jah33868-bib-0030){ref-type="ref"} which might result in β‐1 adrenergic receptor nondesensitization.[31](#jah33868-bib-0031){ref-type="ref"} In addition, a large number of studies have found that AT1‐AA‐positive IgG increased the sensitivity of Ang II,[32](#jah33868-bib-0032){ref-type="ref"}, [33](#jah33868-bib-0033){ref-type="ref"} but the mechanism is not fully understood at present. Combined with our current findings in this study, we speculated that the presence of AT1‐AA limited receptor internalization and increased the potential for agonist binding to AT~1~R upon restimulation with Ang II, disturbing receptor desensitization.

The recruitment of β‐arrestin1/2 to AT~1~R plays a key role in AT~1~R internalization and desensitization, which can promote the separation of G proteins from receptors and thereby terminate signaling.[16](#jah33868-bib-0016){ref-type="ref"} In this study, using fluorescent tracing and BRET technique, unlike Ang II, we first found that AT1‐AA‐positive IgG cannot significantly induce the recruitment of β‐arrestin1/2. These data indicated that AT~1~R might undergo different conformational changes upon Ang II and AT1‐AA‐positive IgG. It has been reported that different conformational changes of receptors lead to distinct conformations of β‐arrestin to mediate receptor desensitization, signaling, and endocytosis.[34](#jah33868-bib-0034){ref-type="ref"} The cause of these different conformational changes of AT~1~R may be that the AT1‐AA‐binding site of AT~1~R is different from that of Ang II. It is reported that the AT1‐AA‐binging site is located in the extracellular loop (165--191: IHRNVFFIINTNITVCAFHYESQNSTL), and the more accurate epitope is a heptapeptide (AFHYESQ),[9](#jah33868-bib-0009){ref-type="ref"}, [10](#jah33868-bib-0010){ref-type="ref"}, [35](#jah33868-bib-0035){ref-type="ref"} but the Ang II binding site of AT~1~R was at the extracellular side between helices VI and VII.[36](#jah33868-bib-0036){ref-type="ref"} However, the reasons why AT1‐AA‐positive IgG inhibited β‐arrestin1/2 recruitment deserves further study.

To investigate the role of limited AT~1~R internalization in sustained activation and vasoconstriction, we administered an endocytosis inhibitor.[25](#jah33868-bib-0025){ref-type="ref"} Dynasore before Ang II treatment. As expected, preincubation with Dynasore significantly prolonged the duration of Ang II‐caused \[Ca^2+^\]~i~ elevation and PKC and ERK1/2 phosphorylation. Moreover, it prolonged Ang II‐caused vasoconstriction. Then as reported by others, we overexpressed the β‐arrestin2 to promote the limited internalization.[37](#jah33868-bib-0037){ref-type="ref"} As shown in Figure [5](#jah33868-fig-0005){ref-type="fig"}A, overexpression of β‐arrestin2 can promote constitutive AT~1~R internalization in the absence of agonist. Moreover, β‐arrestin2 overexpression shortened the duration of AT1‐AA‐positive IgG‐induced \[Ca^2+^\]~i~ elevation and PKC and ERK1/2 phosphorylation, suggesting that the sustained activation of the AT~1~R can be prevented by promoting receptor internalization. However, it remains possible that overexpression of β‐arrestin2 inhibited the AT~1~R signaling partly by blocking G‐protein recruitment.[16](#jah33868-bib-0016){ref-type="ref"} In the next study, we will spend more time establishing the respective contribution of the receptor internalization and G protein uncoupling to receptor desensitization, because of the complicated relationship between the 2 effects.

In summary, these findings confirmed that limited internalization of AT~1~R induced by AT1‐AA‐positive IgG contributed to persistent receptor activation and vascular constriction, which might be involved in the occurrence of hypertension. In addition, promotion of AT~1~R internalization partially inhibited AT1‐AA‐positive IgG‐mediated pathological response. It has been reported that the promotion of constitutive AT~1~R internalization by modified AT~1~R‐associated protein expression can inhibit Ang II‐mediated pathological response in mouse distal convoluted cells and plays a key role in the modulation of blood pressure.[38](#jah33868-bib-0038){ref-type="ref"} For this reason, we surmised that promotion of AT~1~R internalization might be a target of therapeutic approach for hypertension.

Limitations and Perspectives {#jah33868-sec-0030}
----------------------------

Our study here demonstrated that AT1‐AA‐positive IgG directly combined with AT~1~R, and then limited AT~1~R internalization by attenuating the recruitment of β‐arrestin1/2, which might explain the molecular mechanism of AT~1~R overactivation and sustained vasoconstriction. These data strongly suggested that AT1‐AA was a risk factor worthy of attention in the pathological process of cardiovascular disease induced by AT~1~R overactivation and sustained vasoconstriction. However, we did not investigate the effect of AT1‐AA‐positive IgG from each patient individually, because of the insufficient number of antibodies. In the next step, we will pay more attention to the heterogeneity of AT1‐AA. Additionally, there is no valid treatment for preeclampsia patients except termination of pregnancy because AT~1~R blocker can cause severe kidney maldevelopment in the fetus.[17](#jah33868-bib-0017){ref-type="ref"}, [18](#jah33868-bib-0018){ref-type="ref"} From our observations, AT1‐AA was biased towards activating the Gq‐mediated signaling rather than β‐arrestin‐mediated internalization, resulting in sustained AT~1~R activation and vasoconstriction. AT1‐AA‐positive IgG‐induced pathological response can be rescued by promoting internalization, suggesting that it might be possible to provide a new perspective for treatment of hypertension from AT~1~R internalization.
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**Data S1.** Supplemental Methods

**Table S1.** Clinical Profiles of Patients and Healthy Controls (Normal‐Pregnancy Group)

**Figure S1.** AT1‐AA levels were significantly greater in preeclamptic patients. **A**, The P/N value of pregnant women was detected by modified ELISA, the dotted line represents the value of 2.1 (\*\*\**P*\<0.001 vs normal pregnancy). **B**, The positive rate of AT1‐AA both in normal pregnancy and preeclampsia; χ^2^ test was used to compare preeclampsia with normal pregnancy group (\*\*\**P*\<0.001 vs normal pregnancy).

**Figure S2.** The AT1‐AA and AT1‐AA‐positive IgG were compared. **A**, The combining capacity with AT1R‐ECII was detected by ELISA, the numerals 1, 2, 3, 4, and 5 represent AT1‐AA‐positive IgG, AT1‐AA, negative control, positive control, and blank control, respectively. **B**, The purity was analyzed using SDS‐PAGE the characters M, 1, and 2 represent marker, AT1‐AA‐positive IgG, and AT1‐AA, respectively. **C**, The biological activity was compared by intracellular Ca2^+^ detection (n=3).

**Figure S3.** AT1‐AA‐positive IgG had high capacity to combine with human AT1R‐ECII. AT1‐AA‐positive and negative IgG were diluted with a serial concentration and detected the amount of binding with AT1R‐ECII by ELISA. The OD value (405 nm) was positively correlated with the degree of binding. By fitting the curve and selecting a 95% CI, 2 dashed lines divided the image into 4 intervals. Horizontal dashed line: confidence limit of background scatter. Vertical dashed line: specificity cut‐off.

**Figure S4.** Intact and damaged endothelia of vascular rings were identified. **A**, Acetylcholine exerted concentration‐dependent relaxation effects against norepinephrine‐induced contractions of arterial rings with intact endothelia. **B**, SNP exerted relaxation effects against NE‐induced contractions of vascular rings with their endothelia removed, whereas Ach did not show concentration‐dependent relaxation effects. Ach indicates acetylcholine; NE, norepinephrine; SNP, sodium nitroprusside.

**Figure S5.** VSMCs were identified. **A**, VSMCs successfully developed from the aortic tissue of rats. **B**, The cultured cells were immunofluorescence stained for markers of VSMCs (α‐SMA and calponin). α‐SMA indicates α‐smooth muscle actin; VSMCs, vascular smooth muscle cells.

**Figure S6.** The endocytic inhibitor Dynasore abolished Ang II‐induced AT1R internalization. Representative images and line chart of membrane AT1R trafficking by TIRF are shown. The images were acquired at 1 frame/s for 33 minutes. The ligand was added at the 3‐minute mark. Data show that administration of Ang II did not induce AT1R internalization after 30 minutes of pre‐incubation with Dynasore. AT1R indicates angiotensin II type 1; TIRF, total internal reflection fluorescence.

**Figure S7.** Ang II induced persistent AT1R activation and sustained vasoconstriction after endocytosis inhibition. We pre‐incubated an endocytosis inhibitor, Dynasore, with a vascular ring or VSMCs before administering Ang II. **A**, With Dynasore pre‐incubation, Ang II prolonged the duration of PKC and ERK1/2 hyperphosphorylation (n=6; \**P*\<0.05 vs 0 minute). **B**, With Dynasore pre‐incubation, Ang II prolonged \[Ca2+\]i elevation (n=5; ^*\**^ *P*\<0.05;^*\*\**^ *P*\<0.01 vs baseline; ^\#^ *P*\<0.05 vs Ang II group,). C, With Dynasore pre‐incubation, Ang II induced prolonged vasoconstriction (n=6, ^*\*\**^ *P*\<0.01 vs Ang II group); ns indicates not significant. Ang II indicates angiotensin II; AT1R, angiotensin II type 1 receptor; ERK1/2, extracellular signal‐regulated kinase 1 and 2; PKC, protein kinase C; VSMCs, vascular smooth muscle cells.
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**Video S1.** The \[Ca2+\]i increased in response to stimulation with Ang II (1 μmol/L).

###### 

Click here for additional data file.

###### 

**Video S2.** The \[Ca2+\]i increased in response to stimulation with AT1‐AA (1 μmol/L).
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**Video S3.** The internalization of AT1R in transiently transfected cells by RFP‐fused AT1R upon Ang II (1 μmol/L) stimulation. The red puncta represent the RFP‐fused AT1R on the membrane.
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**Video S4.** The internalization of AT1R in transiently transfected cells by RFP‐fused AT1R upon AT1‐AA (1 μmol/L) stimulation. Best viewed with Windows Media Player.
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